Review of previous studies suggests that mean preferred illuminances determined using an adjustment task tend to lie in the middle of the range of illuminances available, a stimulus range bias. This hypothesis was validated through the results of an experimental study. It is therefore suggested that the adjustment task is not an appropriate method for determining optimum illuminances.
Introduction
Guides for interior lighting often suggest an average horizontal working plane illuminance in the region of 500 lux for spaces such as offices. 1 Previous studies have used an adjustment task to investigate the 'preferred' or 'optimum' illuminance for workplace environments. In this task, the test participant is instructed to vary the illuminance in a space using a dimming control device to set the illuminance to their preferred level. Anecdotally, such data have been used to draw one of the two conclusions regarding preferred illuminances relative to the typical design standard for offices: (1) The preferred illuminance is greater than 500 lux; design standards should be increased, or; (2) The preferred illuminance is less than 500 lux; design standards lead to over-lighting.
Such confusion as to whether lighting guidance either overestimates or underestimates the amount of light preferred by occupants is in need of clarification.
In this article, an alternative explanation for the results of preferred illuminance adjustment tasks is proposed: the preferred illuminance is significantly influenced by the range of illuminances available to the observer (the stimulus range), and thus studies with different stimulus ranges will lead to different estimates of preferred illuminance.
There are at least two reasons why the stimulus range can be expected to influence the outcome of the adjustment task. First, there may be a tendency for test participants to set an illuminance near the middle of the available range, and this would affect the setting made on each individual trial. This may be a visual phenomenon or alternatively it may be associated with the movement range of the control device. A centring bias is commonly found in psychophysical magnitude estimation tasks, and Poulton illustrates this for judgements of loudness and sweetness. 2 There is a natural tendency to shift the sensation in memory toward the middle of a scale of intensities; participants performing estimation tasks are not certain about the true values of the stimuli and therefore keep their estimates well within the boundaries (or ranges) of stimulus values. 3 The second reason arises from the observation that the results of previous studies demonstrate a high degree of subjectivity in preferred illuminances and that test participants' results are approximately equally distributed across the entire stimulus range (see, e.g. Figure 2 in Jusle´n et al. 4 ). Therefore, when the data are analysed to determine the population mean tendency, this is likely to lie near the middle of the range of available responses. This bias arises from post-trial numeric manipulation of the data, rather than an effect on individual responses during trials. With both situations, different estimates of preferred illuminance would be obtained with different stimulus ranges, hence a stimulus range bias.
If this proposal is correct it suggests that the preferred illuminances identified in previous studies are a coincidence of the particular experimental design and do not represent unbiased visual preference. This article presents the results of a pilot study carried out to investigate whether the stimulus range affects the outcome of an illuminance adjustment task. The data confirm that preferred illuminances do tend to lie near the middle of the stimulus range.
Previous work
Examination of the results reported in previous studies provides support for an effect of stimulus range on preferred illuminances set using the adjustment task.
Jusle´n et al. 4 investigated task lighting in an industrial setting (luminaire assembly). The general lighting gave 100-380 lux, depending on location, and test participants were able to add task lighting of 100-3000 lux. This was done hourly, with the task lighting being automatically switched off. The mean preferred illuminance was 1752 lux, which is in the middle of the available stimulus range, and this is used by Jusle´n et al. to suggest that 'Industrial assembly workers . . . prefer to have significantly higher illuminances than the minimum required by norms and standards. ' Begemann et al. 5 recorded preferred illuminances in offices with windows where the horizontal illuminances from artificial lighting were adjustable over a range of 200-2000 lux. Their results show illuminances from daylight and artificial light separately. Whilst it is evident that the illuminances set by occupants respond in some cases to the time of day, the mean illuminance from artificial light is within the range of approximately 700-1100 lux, which is near the middle of the available stimulus range.
Moore et al. 6 recorded the illuminances preferred by 45 occupants in office buildings. They reported a mean daily working plane illuminance of 288 lux. The illuminance range available to the occupants is not reported, but if it is assumed that the occupants tended to make use of the entire range, then the upper value of preferred illuminances recorded in this work (770 lux) provides a guide as to the maximum illuminance available. In this case, the mean illuminance is below the middle value of the stimulus range, and suggests an illuminance lower than 500 lux would be acceptable. Such an assumption is supported by the results from Jusle´n et al. 4 : their maximum illuminance was 3380 lux (100-380 lux general lighting plus 100-3000 lux task lighting) and their Figure 2 shows cases where the maximum was reached.
Two studies have used multiple stimulus ranges within trials and these clearly show that preferred illuminance varies with the available range. 7, 8 Boyce et al. 7 sought preferred illuminances in a windowless office from 18 test participants. Two stimulus ranges were available, 7-680 lux and 12-1240 lux. Mean preferred illuminances are reported for four office tasks: the mean of these is 398 lux for the lower stimulus range and 518 lux for the higher stimulus range, so again the higher stimulus range yields the higher estimate of preferred illuminance.
Scholz et al. 8 investigated the optimum illuminances set by 50 anaesthetists to visualise the larynx during laryngoscopy, and was examined using a manikin. This was carried out using three different types of battery powered lamp, labelled xenon, vacuum and halogen. The illuminance was varied by means of supply voltage steps of 0.1 V from 1.0 to 3.0 V. Table 1 shows the ranges of illuminances available under each lamp; the range of illuminances for the vacuum lamp was much smaller than for the other two lamps. In trials, the experimenter adjusted the applied voltage until the test participant reported the illuminance to be optimum; this was done starting from both the upper and lower ends of the stimulus range, always starting from the lower end first. Scholz et al. report the median optimum illuminances under each lamp when starting from the high and low ends of the stimulus range, as shown in Table 1 . The mean of these two values is used to provide an unbiased estimate of optimum illuminance. The mean optimum illuminances are again found to be located near the middle of the stimulus range for each of the three lamps. Of particular interest is that the optimum illuminance (182 lux) set with the vacuum lamp, which had a maximum illuminance of only 327 lux, is much lower than the optimum illuminances set under the other two lamps (1069 and 1101 lux): if a higher illuminance was desirable, it could have been set. Whilst some test participants did set the highest possible illuminance when starting the vacuum lamp trial from the upper end of the stimulus range (327 lux), the range of responses (99-327 lux) shows that others did not. Furthermore, the range of preferred illuminances found when starting from the low initial illuminance was 10-236 lux, and in this case none of the judgements were halted by the upper end of the stimulus range. Figure 1 shows the stimulus ranges used in these trials and the estimate of central tendency; some studies report the mean and others the median. Two further studies are included in Figure 1 . Veitch and Newsham 9 recorded preferred illuminances set by 94 people in a windowless office; the maximum illuminance available on the desktop was 700 lux and the mean was 423 lux. Boyce et al. 10 used an office in which desks were illuminated by a direct/indirect luminaire. In their dimming control data the indirect lighting was fixed and occupants had control over the illuminance from the direct lighting; 0-100% dimming provided mean desktop illuminances in the range of 280-1070 lux. They were free to use this control at any time and started at the 50% dimming position. The mean desktop illuminance was 458 lux. This is not in the middle of the variable range (280-1070 lux) but is near the middle of the overall range of illuminances (0-1070 lux).
The trend shown in Figure 1 is for the estimate of preferred, or optimum, illuminance to increase as the upper limit of the available stimulus range increases, tending to fall near the middle of the stimulus range. This supports the proposed explanation for the outcome of such studies. Differences between studies are expected due to the presence or absence of daylight and/or supplementary artificial light during trials, and whether reported illuminances include or exclude the contribution of these other sources. Further experimental work was carried out to validate this conclusion.
Whilst Figure 1 suggests a tendency for the mean preferred illuminance to lie near the middle of the available illuminance range Stimulus range bias and preferred illuminance 435 there may be other explanations. For example, it may be that the centering bias lies within use of the dimming control device, and subjects are setting a preferred level near the middle of the available control action rather than a preferred illuminance. However, there will tend to be a reasonably proportional relationship between control range and illuminance range (unless purposeful action was taken to avoid such relationship and this is not reported in the literature), and therefore the outcome of the illuminance adjustment task would be similar whether the bias arose from visual sensation or a positional cue. It may be expected that difficulty of the work task being done would affect the preferred illuminance. If the results were task specific, then, for a given task, the same preferred illuminances would be expected across changes in the stimulus range. Two studies 7, 8 show that this is not the case, and that, for a particular task, stimulus range does affect the preferred illuminance. An alternative approach would be to compare preferred illuminances for tasks of different difficulty using the same stimulus range. No such direct comparisons have been found in the literature. The work reviewed covers three different tasks -office based tasks, luminaire assembly and laryngoscopy. Laryngoscopy may be considered a more visually and mentally demanding task than most office tasks, but Figure 1 shows that in one case (vacuum lamp) the results suggest a preferred illuminance for laryngoscopy that is lower than for office tasks. Hence, this paper proposes that it is not the subject's work task that matters in the preferred illuminance adjustment task but the experimental protocol.
Method
Test participants were instructed to adjust the illuminance inside a large booth to their preferred level. The booth is shown in Figure 2 ; this is the booth used in previously reported research 11 but the front screen was removed and different light sources were used. The visible chamber was of dimensions 1200 mm Â 1200 mm and 1050 mm high (distance from floor to top-centre of dome was 1700 mm). The floor and back wall were painted with a grey paint (Munsell N5) of diffuse reflectance (r ¼ 0.20); the side walls were covered with thin foam board which gave a neutral low-sheen surface finish. Various objects including documents, stationery and file boxes were placed on the floor. Test participants sat immediately in front of this booth and so experienced near full-field stimulation. The room in which trials were conducted was otherwise dark.
Illumination was provided by two 300W tungsten halogen lamps in standard exterior floodlight fittings. Halogen lamps were used for compatibility with the novel dimming circuit needed for this work. The lamps were fitted, within the original luminaire, at the top of the booth above the observer's head and therefore could not be directly seen. Illuminance variation was achieved using a basic AC phase-control dimming circuit with the standard potentiometer (operating as a variable resistor) replaced by variable resistors VR 1 to VR 3 in Figure 3 . VR 2 and VR 3 were fitted in series and parallel to VR 1 and settings of these made by the experimenter determined the range of illuminances available to the participant through adjustment of VR 1 which was housed separately in the participant's dimming control box.
Three different stimulus ranges were used. The low range extend from 48 to 1037 lux with a mid-point of 542.5 lux; the middle range extended from 83 to 1950 lux with a mid-point of 1016.5 lux; and the high range extended from 165 to 2550 lux, with a mid-point of 1357.5 lux. The maxima of these ranges were chosen to present large differences between the ranges; the minima were then chosen so that the maximum/ minimum ratio in each range was similar, although the dimming control circuit did not allow sufficient tuning for this to be achieved with accuracy. Table 2 shows the range of surface luminances at each of three levels of illuminance within these ranges. In trials, test participants sat facing the booth and the laboratory lighting was switched off. The booth interior was said to represent an office or study where the participant may spend time organising the space and reading. With that in mind the participant was asked to examine the space including the horizontal and vertical surfaces, and various objects, and to adjust the dimming control for satisfaction with the light level.
It was suggested that this criterion automatically excluded conditions that the participant felt were 'too bright' or 'too dim'. This adjustment task was repeated six timestwo sequential adjustments for each of the three dimming ranges. Following the procedure used by Scholz et al. 8 the initial illuminance prior to each adjustment set by the experimenter firstly to the minimum and then to the maximum of the stimulus range: in further work consideration should be given to counterbalance the order of the minimum and maximum starting illuminances. The order in which the three stimulus ranges were experienced was balanced across participants. Response illuminances were recorded by the experimenter; the meter display was not visible to the participant.
Twenty-one naı¨ve subjects were used, and they were paid for their participation. Thirteen were female and eight were male; 19 subjects were aged between 18 and 44 years old and two were aged between 45 and 54 years old. Subjects were adapted to photopic The stimulus range available to the participant was set by the experimenter, prior to each trial, by adjustment of the rotary potentiometers placed in series and parallel to that controlled by the test participant ( Figure 3 ). This adjustment was to positions marked on the experimenter's dials determined by previous calibration; whilst adjustment to exact upper and lower illuminances may have been more accurate, it would have taken too long to be used within a trial. To illustrate the precision with which adjustment to dial markings lead to similar illuminances a few repeat settings were made. The variance found in these settings, shown in Table 3 , is small compared to the differences between the three ranges.
All three stimulus ranges permit an illuminance within the range 165-1037 lux to be set, and this brackets the range of mean preferred illuminances for office environments found in previous work (Figure 1) . If the illuminance preferred by test participants was within the range 165-1037 lux, and if a subject's internal reference for a satisfactory illuminance was consistent, a similar mean preferred illuminance would be found in each range. If, however, the stimulus range had a significant effect on the preference adjustment task, the mean preferred illuminance would be different for each stimulus range, tending towards the middle of each range.
Results and analysis

Results
The results are shown in Table 4 and Figure 4 . Each test participant made two settings of preferred illuminance in each stimulus range, starting from the minimum and maximum ends of the range, and the mean of these was used to provide an unbiased estimate of their preferred illuminance. It can be seen that the mean preferred illuminance increases as the mid-point illuminance of the stimulus range increases.
The vertical lines in Figure 4 show the three ranges of illuminance. Horizontal spacing of the vertical lines is proportionate to the mid-points of these ranges, which means the mid-points can be joined by a straight line (solid line in Figure 4 ). Mean response illuminances are indicated for all trials (diamonds) and for those where the range was the first the participant had experienced (crosses). Best-fit lines for both cases were determined by linear regression; for results from all three stimulus ranges r 2 ¼ 0.15, and for results from the first stimulus range only r 2 ¼ 0.30. Horizontal best-fit lines would indicate that participants had a fixed criterion for satisfaction with the light level. Instead the slopes of the best fit lines tend towards that of the line connecting the stimulus range mid-points which suggests that illuminance preference was biased by the stimulus range.
Analysis
The complete set of results comprises the preferred illuminances reported by test participants at all three stimulus ranges, the 'all stimulus ranges' data in Table 4 . This analysis employs the mean of the two trials carried out by each test participant within each stimulus range, starting from the minimum and maximum initial illuminances (see below for analysis of this effect). The data within each stimulus range group were examined to determine whether they appeared to be drawn from a normal distribution by examination of central tendency, dispersion, graphical representation and statistical analysis. It was determined that the data are not drawn from a normally distributed population and hence statistical analysis employed non-parametric tests.
These are repeated measures data. The Friedman test suggests a significant difference in preferred illuminances between the three ranges of dimming available (p50.01); the Wilcoxon matched pairs signed ranks test confirms a significant difference between all three pairs (p50.01). These findings were confirmed using one way ANOVA and matched pairs t-tests. Illuminance (lux) at range mid-point Figure 4 Results of preference adjustments: mean illuminance of preferred illuminance for the three stimulus ranges. Data are shown as the mean of all adjustments made (n ¼ 21 in each range) and also the mean for when that range was the first to be experienced by each participant (n ¼ 7 in each range)
First stimulus range
It is expected that previous exposure would affect the judgements made. For example, if the high dimming range was the first to be seen, test participants might consider the illuminances available in subsequently observed low and middle response ranges to be insufficient, and would set these to the maximum levels possible. Empirical evidence for such order effects can be found in the loudness judgements of Ward and Lockhead. 12 A potential order effect was countered in trials by balancing the stimulus range order between subjects.
It is therefore possible that responses gained from participants who experienced only one stimulus range would differ from responses obtained from participants who experienced a series of stimulus ranges. Therefore, Table 4 and Figure 4 also show separately the mean result of the first stimulus range experienced by each test participant, as these would not be affected by exposure to the other ranges. It can be seen that the mean preferred illuminances increase as the stimulus range increases, again tending toward the middle of the response range. For statistical analysis the first-response data are considered to be independent samples. The KruskalWallis test suggests a significant difference between the three dimming ranges (p50.05); the Mann-Whitney test suggests a significant difference in preferred illuminance between the low and middle ranges (p50.05) and between the low and high ranges (p50.05) but the difference between the middle and high ranges is not significant (p ¼ 0.62). Figure 4 shows that the best fit line for mean preferred illuminances determined from the first stimulus range experienced by test participants is near parallel to that connecting the middle values of the three stimulus ranges. The best fit line for results determined following exposure to all three stimulus ranges suggests a response contraction bias to the three ranges as has been found in matching trials carried out at multiple illuminances; 13 the mean preferred illuminance in the low stimulus range is just above the mid point, whereas for the high stimulus range the mean preferred illuminance is just below the mid point of the range.
Preferred illuminance
If the illuminance preferred by test participants was within the range 165-1037 lux, the range available under all three stimulus ranges, and if preferred illuminance was not significantly affected by stimulus range, then a similar mean preferred illuminance would have been found in each range. Statistical analysis of the results demonstrates that the preferred illuminance was significantly different in each range; examination of Figure 4 shows that the mean illuminances tend towards the middle of each stimulus range.
This study used three stimulus ranges; the lower range, 48-1037 lux, is similar to that used in previous studies applied to offices, and the maximum of the upper range (2550 lux) is close to that used by Scholz et al. 8 and Jusle´n et al. 4 If an even lower stimulus range had been used, say 4-200 lux, the current proposal suggests a mean preferred illuminance of around 100 lux would result. Support for this is found in Scholz et al. 8 who used three stimulus ranges, one range being very low (5-327 lux) compared to the other two (10-2600 lux). Their results shown in Table 1 show that when the range is limited the response from subjects still tends to be located in the middle of the range and thus in a trial with a range of 0-200 lux the preferred mean would have been closer to 100 lux than 200 lux.
These results show that stimulus range has a significant effect upon the preferred illuminance set by test participants using an illuminance adjustment task. Previous work using this technique to make comments about preferred illuminances should therefore be Stimulus range bias and preferred illuminance 441 reviewed to determine whether the conclusions drawn are valid.
One method for estimating the unbiased response is to use several stimulus ranges with mid-points both above and below the predicted mean response: Intersection of the line connecting the mid-point of each range and the line fitted to the test results indicates the mid-point of the range (although not the size of the range) that would avoid the bias. 14 Using this approach the current results (Figure 4 ; mean results of all trials), suggest a preferred illuminance in the region of 750-800 lux.
The preference adjustment task has also been used to compare stimuli. Two previous studies have used this method to compare preferred illuminances under lamps of different spectral power distribution (SPD), and in both cases report significant differences between the lamps. 15, 16 What is needed to ensure these results are meaningful is evidence that the stimulus range was similar for each type of lamp: Scholz et al. 8 did not offer the same stimulus range for their three types of lamp and this means a comparison of preferred illuminances under each type of lamp is unfair.
Subjective variation
Previous work has revealed a high degree of subjectivity in the preference adjustment task.
4 Figure 5 shows the six individual results gained from all 21 test participants in the current work and shows again that there is a high degree of subjectivity. For seven test participants the illuminances set in all of their six trials were within the low stimulus range, but these were not the same set of test participants who experienced the low range first. Figure 5 shows that in all cases the preferred illuminance set using the low range and starting from the minimum illuminance is lower than the preferred illuminance set using the high stimulus range and starting from the maximum illuminance, although in some cases these do not yield the lowest or highest responses from a particular test participant from their six trials. Some participants appear to have set similar preferred illuminances in all three stimulus ranges (e.g. participants #1, 5, 11, 18, and 21) whilst the remainder exhibit large differences.
Further data on consistency of responses would be of interest. If one individual always prefers a high illuminance and another always prefers a low illuminance then it suggests there is some physiological reason behind their preferences.
Starting illuminance
It is expected that different starting points will yield different estimates, biased toward the initial values. 17 This may be due to anchoring, with the initial illuminance of the variable stimulus modifying the perceived illuminance of the reference stimulus. Table 5 shows the mean illuminances in each of the three stimulus ranges broken down according to the initial illuminance set by the experimenter at the start of each trial. The mean preferred illuminance is higher when starting from a high initial illuminance than when starting from a low initial illuminance, in all three stimulus ranges. Figure 6 shows that this is the case for most individual results but that in some instances a higher preferred illuminance was set when starting from the lower initial illuminance. The t-test (one sample, two-way) suggests these differences are significantly different from zero (p50.01).
A similar effect was found by Ray who also used an adjustment task. Test participants were instructed to adjust the illuminance of lighting in a booth to a level clear and comfortable to read at, and this was done under two types of lamp, clear-glass tungsten filament (GLS) and blue-glass tungsten filament. 16 Each of the 18 observers repeated this procedure twice for each lamp type, once each starting from a high illuminance and a low illuminance. The results are shown in Table 6 . It can be seen that the lamps are set to a higher illuminance when the initial illuminance is higher than when the initial illuminance is low -these differences are significant (p50.05, t-test). A significant difference between preferred illuminances set from high and low starting illuminances is also apparent in the optimum illuminance adjustments reported by Scholz et al. 8 as reported in Table 1 and in the task lighting study reported by Newsham et al.
18
These data provide confirmation that the starting illuminance in preference adjustment tasks has a significant effect on the outcome. The implication for design of lighting research is that both high and low starting illuminances should be used; this is as recommended practice for experimental psychophysics. 19 Boyce et al. 10 used an alternative approach; the dimming control was set initially to the 50%. 10 Further data are needed to compare the outcomes of this procedure with the high/low initial illuminance procedure.
Experimental confounds
Possible confounds are reported to enable evaluation of the experimental protocol.
Adaptation of the visual system may have influenced the results. For example, assume that on completion of a trial using the minimum starting illuminance the test participant would be adapted to the preferred illuminance he or she had set. Then, when the experimenter reset the starting illuminance to the maximum level, this may look excessively bright, prompting the setting of a lower illuminance than if the participant were already adapted to this maximum illuminance. This would lead to a centering bias. However, such an effect would be minimal in the first stimulus range data (section 4.3) and these data also show a centering bias. Centering bias due to adaptation is inherent in all those studies where the illuminance was reset prior to the adjustment task. Possible approaches to avoid this are to carry out the adjustment task from the illuminance set in the preceding trial, or to start each trial from the 50% starting position as was used by Boyce et al.
10 but these too have limitations.
The instructions given during trials suggested that the satisfactory light level would exclude conditions that the participant felt were 'too bright' or 'too dim' which may have tended to bias people away from the high and low ends of the scales. This instruction was included to provide clarification for test participants who were not native English language users. A feature of the experimental design of the current study and of previous work is that the range of options were presented on a proportional scale and thus the direction of change, the minimum and maximum limits and the rate of change were obvious to the participant. Further work is needed to determine whether eliminating this knowledge of the scale affects the setting of preferred illuminance. This could be done by using response mechanisms with different relationships between adjustment and illuminance.
With electric dimming the colour temperature of halogen lamps will vary and this is a possible confound. Two possible confounds are, firstly, that the change in SPD would affect the chromatic contribution to brightness and, secondly, that test participants may have used colour appearance of the light as their criterion rather than the brightness.
At 2500 lux the correlated colour temperature of lighting inside the booth had a CCT of 2886K, reducing to 2021K at 50 lux (measured using a Minolta CS1000a spectroradiometer). According to previous research of the effects of lamp spectral power distribution, 20, 21 reducing the correlated colour temperature (CCT) of lighting may reduce the apparent brightness of the lighting. Consider a subject who prefers an illuminance of 50 lux. The lower CCT of halogen lighting dimmed to 50 lux means the subject may offset this by setting a higher illuminance; similarly, a subject preferring an illuminance of 2500 lux may reduce this in response to the increased brightness of higher CCT lighting. Thus, changes in CCT may impose a centering bias. Harrington's data 20 suggest that a difference in CCT of 880K leads to a difference in illuminance of 9.4% for equal brightness. In the current work, the preferred illuminances ranged from 152 to 2181 lux, giving a variation in CCT of less than 880K, and thus an effect on illuminance of less than 9.4%. Therefore, whilst it is expected that variations in the level of dimming will affect the colour temperature of the halogen lamps, any effect on preferred illuminance is small compared with the difference between the mean preferred illuminances set within each stimulus range.
If test participants had used colour appearance of the light as their criterion for the adjustment rather than brightness then a similar correlated colour temperature would be expected in each stimulus range. The mean CCTs were 2514K, 2592K and 2632K in the low, middle and high stimulus ranges, respectively, and the Friedman test suggests the CCT in each stimulus range were significantly different (p50.001). This does not suggest that test participants were attempting to balance colour appearance in these trials.
Summary
This work was carried out to demonstrate that the method of illuminance adjustment, as used in previous work to provide an estimate of preferred illuminance, is biased by the stimulus range.
A brief experimental study was carried out. The results revealed a significant difference in preferred illuminance between three stimulus ranges. The mean preferred illuminances approached the middle of the range and thus the higher the upper limit of the stimulus range, the higher the mean preferred illuminance (assuming the same minimum in each range). This finding means there is a need to review conclusions drawn from previous studies that have established preferred illuminances using only the adjustment task.
This does not mean that the adjustment task is not suitable for determining preferred Stimulus range bias and preferred illuminance 445 illuminances, but rather that further refinement of the method is needed to gain meaningful data. All methods for measuring subjective responses tend to be biased. 2, 22, 23 Therefore, two or more experimental methods should be used to examine the same set of stimuli and responses; if these separately point towards the same outcome then greater confidence can be placed in the results. An alternative method for establishing preferred or satisfactory illuminances would be to present observers with a range of illuminances and use category rating to measure satisfaction.
The act of illuminance adjustment may itself be advantageous in the search for reductions in energy consumption. Following the Veitch and Newsham study 9 where a mean preferred desktop illuminance of 423 lux was set from a range of maximum 700 lux, it was reported that 'on average choices used 10-15% less power than that recommended by prevailing energy codes'. 24 This discrimination between illuminance and energy is valuable. It appears that occupant satisfaction is increased if they are given control over their illuminance: it may be found that the actual illuminance is irrelevant, so long as it is one the occupant of a space has set, and perhaps so long as this is above the escarpment of relative visual performance. 25 Therefore, giving occupants a restricted range of illuminances to choose from, this range being chosen so that the expected preferred illuminance will be less than the standard 500 lux, means they will be satisfied with their environment despite an illuminance less than 500 lux, and energy consumption will be reduced.
These studies show that preferred illuminances vary widely and are subject to bias depending on stimulus range and starting point. This implies that wide variations in illuminance does not matter very much to the participant -while people can express a preference for illuminance, over the ranges usually used is not a strong preference. This is consistent with illuminances sufficient to be located on the plateau of visual performance but not high enough to cause glare. To examine this further, data are required to determine how far an illuminance can depart from an individual's preferred illuminance before he or she would complain. While the effects of starting from low and high illuminances are large and suggest large departures are possible before complaints occur, it is likely that an illuminance set by the occupant of a room is more acceptable than if the same illuminance was imposed by others. This could be examined by recording the lowest and highest illuminances that subjects find acceptable for their situation in addition to their preferred illuminance; such data would allow the percentage of people having an illuminance within their acceptable range to be determined.
